Abstract. The Broadcast Language is a programming formalism devised by Holland in 1975, which aims at improving the efficiency of Genetic Algorithms (GAs) during long-term evolution. The key mechanism of the Broadcast Language is to allow GAs to employ an adaptable problem representation. Fixed problem encoding is commonly used by GAs but may limit their performance in particular cases. This paper describes an implementation of the Broadcast Language and its application to modeling biochemical networks. Holland presented the Broadcast Language in his book "Adaptation in Natural and Artificial Systems" where only a description of the language was provided, without any implementation. Our primary motivation for this work was the fact that there is currently no published implementation of the Broadcast Language available. Secondly, no additional examination of the Broadcast Language and its applications can be found in the literature. Holland proposed that the Broadcast Language would be suitable for the modeling of biochemical models. However, he did not support this belief with any experimental work. In this paper, we propose an implementation of the Broadcast Language which is then applied to the modeling of a signal transduction network. We conclude the paper by proposing that with some refinements it will be possible to use the Broadcast Language to evolve biochemical networks in silico.
Introduction
Holland proposed the Broadcast Language so as to address some potential limitations in the application or performance of Genetic Algorithms (GAs) [6, 3] . Holland argued that GAs provide an efficient method of adaptation; however in the case of long-term adaptation, the efficiency of GAs could be limited by the representation used to encode the problem. In traditional GAs, this representation is fixed and may significantly influence the complexity of the fitness landscape. During long-term evolution this may limit the performance of the GA.
To overcome this limitation, Holland proposed to dynamically adapt the problem representation. Adapting the representation may then generate correlations between the problem representation and the GA performance.
Another feature discussed by Holland was the conjecture that the Broadcast Language is a Turing Complete programming language. If this is so, it would imply that the language would not dictate any long-term limits to its evolution. However although this issue clearly has intrinsic interest, it will not be consided further in the current paper.
Following this, Holland argued that the Broadcast Language would provide a straightforward representation for a variety of natural models such as Genetic Regulatory Networks or Neural Networks. This would show the computational power of the Broadcast Language and its capacity to adapt.
However, while recognising some of the potential merits of the Broadcast Language, we need to consider the fact that Holland did not support this approach with experimental evaluation; nor have we been able to identify any body of subsequently published work on the Broadcast Language in the literature.
We believe that there is a need for further investigations on the Broadcast Language because:
-The Broadcast Language may provide a useful framework for investigating a range of interesting problems in Evolutionary Computation and Theoretical Biology. -The potentially interesting applications of the Broadcast Language were only outlined, not actually formally demonstrated, by Holland. -Since Holland's early presentations [6] , no further work on Broadcast Systems (Broadcast Language-based systems) can be found in the literature.
To initiate these further investigations we have implemented an execution platform for the Broadcast Language. We applied this to the study of the modeling of biochemical networks. This paper is organized as follows: we first introduce in more detail the Broadcast Language and then describe our implementation of the Broadcast System. We then demonstrate how to model a signal transduction network with the Broadcast Language. This is finally followed by a discussion of possible refinements toward the modeling of a specific problem instance: the evolution of biochemical networks in silico.
The Broadcast System
We use the formalism given by Holland in the original text [6] . We initially provide an overview of the Broadcast System and then present our implementation.
An Overview
The Broadcast Language basic components are called broadcast units which are strings formed from the set Λ = {0, 1, * , :, ♦, , , , p, }. Broadcast units can be viewed as condition/action rules. Whenever a broadcast unit conditional
